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capable of suppressing strain in a mirror surface. The FIG 3
mirror unit 30 is provided with a concave mirror 31 having
a mirror surface 31a which reflects light, and a holder 35
that holds the concave mirror 31 while being adhered to
the concave mirror 31. The concave mirror 31 is provided
with first to third positioning protruding portions. The hold-
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tioning protruding portion, the position of the concave
mirror 31 with respect to the holder 35 at least in the X
direction of XY-plane coordinates along the mirror sur-
face 31a; a second holder-side positioning portion 36b
that defines, through contact with the second positioning
protruding portion 32b, the position of the concave mirror
31 with respect to the holder 35 atleast in the Y direction
of the XY-plane coordinates; and a third holder-side po-
sitioning portion 36¢ that defines, through contact with
the third positioning protruding portion 32c, the position
of the concave mirror 31 with respect to the holder 35 at
least in the Z direction orthogonal to the XY lane.
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Description
Technical Field

[0001] The present invention relates to a mirror unit
and a display device.

Background Art

[0002] Forexample, a mirror unit for reflecting light has
been conventionally known in the field of optical instru-
ments such as a head-up display. As disclosed in, for
example, PTL 1, a mirror unit includes a concave mirror
for magnifying display light while reflecting the display
light and a holder holding the concave mirror. The con-
cave mirror is bonded to the holder via a double-sided
adhesive tape.

Citation List

Patent Literature(s)

[0003] PTL 1: JP-A-2002-277814

Summary of Invention
Technical Problem(s)

[0004] In a configuration disclosed in PTL 1 cited
above, the holder and the concave mirror may be bonded
via a double-sided adhesive tape in a state in which the
concave mirror is shifted from a desired position with re-
spect to the holder. In this case, force may be applied to
the concave mirror from the holder via an adhesive
strength of the double-sided adhesive tape in an unin-
tended direction, thereby distorting a mirror surface of
the concave mirror. In particular, the concave mirror mag-
nifies display light, and therefore, even in a case where
the mirror surface is slightly distorted, an influence on
display light reflected by the mirror unit, which is in turn
an influence on an image displayed by projecting the dis-
play light, is not small.

[0005] The invention has been made in view of the
above-mentioned circumstances, and an object is to pro-
vide a mirror unit and a display device, each of which
restrains distortion of a mirror surface.

Solution to Problem(s)

[0006] Inordertoachieve the above-mentioned object,
a mirror unit according to a first aspect of the invention
includes: a mirror having a mirror surface for reflecting
light; and a holder holding the mirror in a state in which
the holder is bonded to the mirror, in which: the mirror
has first to third mirror-side positioning portions; and the
holder has a first holder-side positioning portion that is
in contact with the first mirror-side positioning portion to
determine a position of the mirror with respect to the hold-
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er in at least an X direction on an XY-plane coordinate
along the mirror surface, a second holder-side position-
ing portion that is in contact with the second mirror-side
positioning portion to determine a position of the mirror
with respect to the holder in at least a Y direction on the
XY-plane coordinate, and a third holder-side positioning
portion that is in contact with the third mirror-side posi-
tioning portion to determine a position of the mirror with
respect to the holder in at least a Z direction orthogonal
to the XY plane.

[0007] Inordertoachieve the above-mentioned object,
a display device according to a second aspect of the in-
vention includes: a display unit for emitting display light
showing an image; and a mirror unit according to the first
aspect of the invention for causing a projection member
to reflect the display light from the display unit.

Advantageous Effects of Invention

[0008] According to the invention, it is possible to re-
strain distortion of a mirror surface.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a schematic view of a vehicle in which
a display device according to an embodiment of the
invention is mounted.

[Fig. 2] Fig. 2 is a schematic view illustrating a con-
figuration of a display device according to an em-
bodiment of the invention.

[Fig. 3] Fig. 3 is an exploded perspective view of a
mirror unit according to an embodiment of the inven-
tion.

[Fig. 4] Fig. 4 is an exploded perspective view of a
mirror unit according to an embodiment of the inven-
tion.

[Fig. 5] Fig. 5(a) according to an embodiment of the
invention is a plan view of a mirror unit, and Fig. 5(b)
is a front view of the mirror unit.

[Fig. 6] Fig. 6 is a front view of a concave mirror
according to an embodiment of the invention.

[Fig. 7] Fig. 7 is a front view of a holder according to
an embodiment of the invention.

[Fig. 8] Fig. 8 is an enlarged perspective view of a
first positioning recessed portion of a holder accord-
ing to an embodiment of the invention.

[Fig. 9] Fig. 9(a) according to an embodiment of the
invention is an enlarged perspective view of a sec-
ond positioning recessed portion of a holder, and
Fig. 9(b) is an enlarged perspective view of a third
positioning recessed portion of the holder.

[Fig. 10] Fig. 10 (a) according to an embodiment of
the invention is a cross-sectional view taken along
theline A-A of Fig. 5(b), Fig. 10(b) is a cross-sectional
view taken along the line B-B of Fig. 5(b), and Fig.
10(c) is a partial enlarged view of Fig. 10(a).
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[Fig. 11] Fig. 11 is a rear view of a mirror unit accord-
ing to an embodiment of the invention.

[Fig. 12] Fig. 12 (a) according to an embodiment of
the invention is a cross-sectional view taken along
the line G-G of Fig. 11, Fig. 12(b) is a cross-sectional
view taken along the line F-F of Fig. 11, and Fig.
12(c) is a cross-sectional view taken along the line
H-H of Fig. 11.

[Fig. 13] Fig. 13 is an enlarged perspective view of
a motor and a conversion mechanism according to
an embodiment of the invention.

Description of Embodiments

[0010] An embodiment of a display device including a
mirror unit according to the invention will be described
with reference to the drawings.

[0011] As illustrated in Fig. 1, a display device 100 ac-
cording to this embodiment is installed in, for example,
a dashboard of a vehicle 200. The display device 100 is
configured as a so-called head-up display device that
emits display light L showing an image toward a wind-
shield 201 (example of projection member) of the vehicle
200 and displays a virtual image V of the image with the
display light L reflected by the windshield 201. When the
virtual image V is displayed as described above, a viewer
1 (mainly a driver of the vehicle 200) visually recognizes
an image displayed behind the windshield 201.

(Configuration of display device)

[0012] As illustrated in Fig. 2, the display device 100
includes a display unit 10, a reflecting mirror member 20,
a mirror unit 30, a motor 41, a conversion mechanism
42, a housing 60, and a control unit 70.

[0013] The housing 60 is made of a non-light-transmis-
sive resin material or metal material and has a hollow,
substantially rectangular parallelepiped shape. In the
housing 60, an opening portion 61 is provided at a posi-
tion facing the windshield 201. The housing 60 includes
a curved-plate like window portion 50 covering the open-
ing portion 61. This window portion 50 is made of a light-
transmissive resin material such as acryl through which
display light L passes. Each configuration of the display
device 100 is stored in the housing 60.

[0014] Thedisplay unit 10 emits display light L showing
a predetermined image and specifically includes a light
source 11, aliquid crystal display panel 12, a light-source
substrate 13, a diffusion case 14, and a heat sink 15.
[0015] The light source 11 is made up of a plurality of
LEDs (Light Emitting Diodes). The light source 11 is
mounted on, for example, the light-source substrate 13
made of an aluminum substrate on which various kinds
of wires are printed. The light source 11 emits light for
illuminating the liquid crystal display panel 12. The light
source 11 is electrically connected to the control unit 70
via the light-source substrate 13 and emits light under
control of the control unit 70. The diffusion case 14 is
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made of resin such as polycarbonate to have white color.
The diffusion case 14 is provided between the light
source 11 and the liquid crystal display panel 12 and
diffuses light from the light source 11 to thereby uniformly
illuminate the liquid crystal display panel 12. The liquid
crystal display panel 12 switches a transmitted/non-
transmitted state of each pixel under control of the control
unit 70, thereby emitting display light L showing a prede-
termined image (such as an image showing vehicle in-
formation) upon receipt of light from the light source 11.
The heat sink 15 is made of metal such as aluminum and
radiates heat generated in the light source 11.

[0016] As illustrated in Fig. 2, the reflecting mirror
member 20 reflects display light L emitted by the display
unit 10 toward the mirror unit 30. The reflecting mirror
member 20 is formed by, for example, vacuum-deposit-
ing aluminum on die-molded polycarbonate resin.
[0017] The mirror unit 30 reflects display light L emitted
from the display unit 10 and reflected by the reflecting
mirror member 20 toward the windshield 201 while mag-
nifying the display light L. A specific configuration of the
mirror unit 30 will be described in detail below.

[0018] The motor 41 is fixed in the housing 60 and
drives under control of the control unit 70. The conversion
mechanism 42 is amechanism for converting a rotational
motion of the motor 41 into a linear motion and, as illus-
trated in Fig. 13, specifically includes a screw shaft 42a
whose circumference is threaded and a movable portion
42b a part of which is engaged with the circumference
of the screw shaft 42a. The movable portion 42b holds
a part (holding portion 38 described below) of the mirror
unit 30. The screw shaft42a axially rotates in accordance
with drive of the motor 41, thereby moving the movable
portion 42b along the screw shaft 42a.

(Configuration of mirror unit)

[0019] Asiillustrated in Fig. 3 and Fig. 4, the mirror unit
30 includes a concave mirror 31 that is an example of a
mirror for reflecting display light L and a holder 35 holding
the concave mirror 31.

[0020] The concave mirror 31 is formed to have a sub-
stantially rectangular plate shape and is curved along a
longitudinal direction thereof. Specifically, the concave
mirror 31 includes a base made of synthetic resin and
having a concave curved surface having a predetermined
curvature and a mirror surface 31a made of metal such
as aluminum vacuum-deposited on the curved surface
of the base. The base of the concave mirror 31 may be
made of synthetic resin, for example, cycloolefin polymer
(COP) resinin order to form a curved surface of the mirror
surface 31a with high accuracy. Further, the base of the
concave mirror 31 is not limited to synthetic resin and
may be made of glass.

[0021] In this embodiment, on an XY-plane coordinate
along the mirror surface 31a, an X direction corresponds
to the longitudinal direction of the concave mirror 31 and
a 'Y direction orthogonal to this X direction corresponds
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to a lateral direction of the concave mirror 31. Further, a
Z direction orthogonal to an XY plane corresponds to a
thickness direction of the concave mirror 31.

[0022] As illustrated in Fig. 4 and Fig. 6, the concave
mirror 31 has, on a back surface (surface facing the hold-
er 35) thereof, first to third positioning protruding portions
32a to 32c formed to have a protruding shape. The first
to third positioning protruding portions 32a to 32c are
examples of first to third mirror-side positioning portions.
A tip of each of the positioning protruding portions 32a
to 32c projecting in a direction away from the mirror sur-
face 31a of the concave mirror 31 is formed to have a
spherical and cylindrical shape. As illustrated in Fig. 4,
the second positioning protruding portion 32b is formed
to be higher than the first positioning protruding portion
32a and the third positioning protruding portion 32c in
the Z direction. The first positioning protruding portion
32ais formed on afirst end portion 31b in the longitudinal
direction (X direction) of the concave mirror 31. The first
positioning protruding portion 32a is positioned at the
center in the lateral direction (Y direction) of the concave
mirror 31. The second positioning protruding portion 32b
and the third positioning protruding portion 32c are
formed on a second end portion 31c that is opposite to
the first end portion 31b in the longitudinal direction of
the concave mirror 31. The second positioning protruding
portion 32b is positioned at one corner portion on the
second end portion 31c side on the back surface of the
concave mirror 31, and the third positioning protruding
portion 32c is positioned at the other corner portion on
the second end portion 31c side on the back surface of
the concave mirror 31. That is, a distance from the first
positioning protruding portion 32a to the second position-
ing protruding portion 32b and a distance from the first
positioning protruding portion 32a to the third positioning
protruding portion 32¢ are equivalent distances and are
set as large as possible.

[0023] The holder 35, as well as the concave mirror
31, is formed to have a substantially rectangular plate
shape and is curved in a longitudinal direction thereof.
The holder 35 is formed by using synthetic resin, for ex-
ample, a polymer alloy of polycarbonate (PC) and poly-
ethylene terephthalate (PET). Further, the holder 35 may
be formed by, for example, mixing about 10% of glass
fibers with this PC/PET polymer alloy in order to improve
rigidity thereof.

[0024] As illustrated in Fig. 3 and Fig. 7, the holder 35
has, on a surface (surface facing the back surface of the
concave mirror 31) thereof, first to third positioning re-
cessed portions 36a to 36¢ formed to have a concave
shape. The firstto third positioning recessed portions 36a
to 36¢ are examples of first to third holder-side positioning
portions. The first positioning recessed portion 36a of the
holder 35 is positioned to correspond to the first position-
ing protruding portion 32a of the concave mirror 31, the
second positioning recessed portion 36b of the holder 35
is positioned to correspond to the second positioning pro-
truding portion 32b of the concave mirror 31, and the third
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positioning recessed portion 36¢ of the holder 35 is po-
sitioned to correspond to the third positioning protruding
portion 32¢ of the concave mirror 31.

[0025] Specifically, the first positioning recessed por-
tion 36a of the holder 35 is formed on a first end portion
35ain the longitudinal direction of the holder 35. The first
positioning recessed portion 36ais positioned at the cent-
er in the lateral direction of the concave mirror 31. As
illustrated in Fig. 8 and Fig. 12(c), the first positioning
recessed portion 36a has a conical shape having a spher-
ical tip. The first positioning recessed portion 36a is
formed to have a size similar to that of the tip portion of
the first positioning protruding portion 32a. When the tip
portion of the first positioning protruding portion 32a
abuts on the first positioning recessed portion 36a, a po-
sition of the concave mirror 31 with respect to the holder
35 in the X direction, the Y direction, and the Z direction
is determined at this first abutting position P1 (see Fig.
5(b)).

[0026] As illustrated in Fig. 3 and Fig. 7, the second
positioning recessed portion 36b and the third positioning
recessed portion 36¢ are formed on a second end portion
35b that is opposite to the first end portion 35a in the
longitudinal direction of the holder 35. The second posi-
tioning recessed portion 36b is positioned at one corner
portion on the second end portion 35b side on the surface
of the holder 35, and the third positioning recessed por-
tion 36¢ is positioned at the other corner portion on the
second end portion 35b side on the surface of the holder
35.

[0027] As illustrated in Fig. 7 and Fig. 9, the second
positioning recessed portion 36b of the holder 35 is
formed to have a substantially V shape when the holder
35 is seen from the surface and extend along a virtual
connecting line L connecting the second positioning re-
cessed portion 36b and the first positioning recessed por-
tion 36a. This connecting line L extends in the X direction,
specifically, in a direction in which an angle between the
connecting line L and the X direction is smaller than an
angle between the connecting line L and the Y direction.
A length of the second positioning recessed portion 36b
in a direction along the connecting line L is set so that
the second positioning protruding portion 32b is posi-
tioned in the second positioning recessed portion 36b,
regardless of a shape error of the holder 35 (shape error
in the X direction in particular). As illustrated in Fig. 12(b)
that is a cross-sectional view taken along the line F-F of
Fig. 11, the second positioning recessed portion 36b is
configured so that the second positioning protruding por-
tion 32b abuts on a pair of inner surfaces facing each
other in a direction orthogonal to the connecting line L
(direction along the Y direction). When the tip portion of
the second positioning protruding portion 32b abuts on
the second positioning recessed portion 36b, a position
of the concave mirror 31 with respect to the holder 35 in
the Y direction and the Z direction is determined at this
second abutting position P2 (see Fig. 5(b)). By position-
ing at the first and second abutting positions P1 and P2,
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rotation of the concave mirror 31 on the XY plane and
rotation thereof on a YZ plane toward the holder 35, which
have the first abutting position P1 as the center of rota-
tion, are restrained with respect to the holder 35. Further,
because the second positioning recessed portion 36b
extends in the substantially X direction as described
above, a position of the concave mirror 31 with respect
to the holder 35 in the X direction is not determined at
the second abutting position P2.

[0028] As illustrated in the enlarged view of Fig. 9(b),
the third positioning recessed portion 36¢ of the holder
35 has a bottom surface 36¢1 that is an example of an
abutting surface extending along the XY plane and a side
surface 36¢2 formed to have a substantially J shape. The
side surface 36c2 extends from an end surface extending
in a lateral direction of the holder 35 to an end surface
extending in the longitudinal direction of the holder 35.
The third positioning recessed portion 36¢ is open toward
an external space from a side surface of the holder 35.
An area of the bottom surface 36¢1 is set so that the third
positioning protruding portion 32c is positioned on the
bottom surface 36¢1, regardless of a shape error of the
holder 35 in the X direction and the Y direction. As illus-
trated in Fig. 12(a), when the tip portion of the third po-
sitioning protruding portion 32c abuts on the bottom sur-
face 36¢1 of the third positioning recessed portion 36c¢,
a position of the concave mirror 31 with respect to the
holder 35 in the Z direction is determined at a third abut-
ting position P3 (see Fig. 5(b)) thereof. By positioning at
the first to third abutting positions P1, P2, and P3, rotation
of the concave mirror 31 with respect to the holder 35 in
the Z direction toward the holder 35, the rotation having
a line segment (not shown) connecting the first abutting
position P1 and the second abutting position P2 as a
center, is restrained. The third positioning protruding por-
tion 32c does not abut on the side surface 36¢2, and
therefore a position of the concave mirror 31 in the X
direction and the Y direction is not determined at the third
abutting position P3.

[0029] Further, as illustrated in Fig. 7 and Fig. 11, the
holder 35 has first to fifth disk-shaped bonding surface
portions 37ato 37e on the surface thereof. The first bond-
ing surface portion 37a is positioned at the center of the
surface of the holder 35, and the second to fifth bonding
surface portions 37b to 37e are positioned at respective
corner portions of the surface of the holder 35. The sec-
ond bonding surface portion 37b is positioned in the vi-
cinity of the second positioning recessed portion 36b and
between the second positioning recessed portion 36b
and the first bonding surface portion 37a. The third bond-
ing surface portion 37c is positioned in the vicinity of the
third positioning recessed portion 36¢ and between the
third positioning recessed portion 36¢ and the first bond-
ing surface portion 37a. The fourth bonding surface por-
tion 37d is positioned at one corner portion on the first
end portion 35a side on the surface of the holder 35, and
the fifth bonding surface portion 37d is positioned at the
other corner portion on the first end portion 35a side on
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the surface of the holder 35. In a state in which the con-
cave mirror 31 is assembled into the holder 35, each of
the bonding surface portions 37a to 37e faces the back
surface of the concave mirror 31 while having a gap of a
certain distance in the thickness direction of the holder
35. Fig. 10 (c) illustrates only a gap between the first
bonding surface portion 37a and the back surface of the
concave mirror 31. However, similar gaps are also pro-
vided between the second to fifth bonding surface por-
tions 37b to 37e and the back surface of the concave
mirror 31. An upper surface of each of the bonding sur-
face portions 37a to 37e, which faces the back surface
of the concave mirror 31, corresponds to a bonding sur-
face. As illustrated in Figs. 10(a) to (c), a part between
the first bonding surface portion 37a and the back surface
of the concave mirror 31 is filled with an adhesive 55.
Parts between the second to fifth bonding surface por-
tions 37b to 37e and the back surface of the concave
mirror 31 are similarly filled with the adhesive 55. The
holder 35 and the concave mirror 31 are bonded by an
adhesive strength of this adhesive 55. For example, a
solid adhesive containing a heat reversible resin compo-
nent may be employed as the adhesive. The adhesive
is appropriately selected in accordance with materials of
the base of the concave mirror 31 and the holder 35 serv-
ing as targets to be bonded. Specifically, in a case where
the base of the concave mirror 31 is made of COP and
the holder 35 is made of PC/PET as an example, the
concave mirror 31 and the holder 35 may be bonded by
using an adhesive called a moisture-curable type reac-
tive hot-melt adhesive (Jet-Weld), the adhesive contain-
ing urethane resin as a main component and being ob-
tained by imparting a characteristic of a reaction system
to a hot melt.

[0030] Further, as illustrated in Fig. 3, the holder 35
includes, on both side surfaces extending in the lateral
direction thereof, first and second cylindrical rotary shaft
portions 39a and 39b extending in the longitudinal direc-
tion thereof. The first rotary shaft portion 39a is provided
at a position corresponding to the first positioning re-
cessed portion 36a, and the second rotary shaft portion
39bis provided between the second positioning recessed
portion 36b and the third positioning recessed portion
36¢. The holder 35 is rotatably supported in the housing
60 via the first and second rotary shaft portions 39a and
39b.

[0031] Further, as illustrated in Fig. 3, the holder 35
includes a substantially L-shaped holding portion 38 on
a side surface on the third positioning recessed portion
36¢ side between both side surfaces extending in the
longitudinal direction thereof. As illustrated in Fig. 13, the
holding portion 38 is positioned at the center in the lon-
gitudinal direction of the holder 35 and is engaged with
the movable portion 42b of the conversion mechanism
42. When the movable portion 42b is moved along the
screw shaft 42a, rotation force is applied from the mov-
able portion 42b to the holding portion 38, which is in turn
applied to the holder 35. With this, the holder 35 can be
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rotated around the first and second rotary shaft portions
39a and 39b. An angle of incidence of display light L on
the mirror surface 31a of the mirror unit 30 is changed in
accordance with rotation of the holder 35, and an optical
path of the display light L reflected by the mirror unit 30
is changed, and therefore a display position of a virtual
image V in the Z direction is changed.

(Method of assembling mirror unit)

[0032] Next, a method of assembling the mirror unit 30
will be described.

[0033] First, for example, an adhesive liquefied by
heating is applied to the surface (surface facing the con-
cave mirror 31) of each of the bonding surface portions
37a to 37e. Then, the concave mirror 31 is assembled
intothe holder 35 to which the adhesive has been applied.
At this time, the first positioning protruding portion 32a
of the concave mirror 31 is positioned in the first posi-
tioning recessed portion 36a of the holder 35, the second
positioning protruding portion 32b of the concave mirror
31 is positioned in the second positioning recessed por-
tion 36b of the holder 35, and the third positioning pro-
truding portion 32c of the concave mirror 31 is positioned
in the third positioning recessed portion 36¢ of the holder
35. The applied adhesive is cured by, for example, re-
acting with moisture in the air. This curing form is different
depending on the kind of adhesive to be selected. As
illustrated in Figs. 10(a) to (c), the cured adhesive 55
bonds the concave mirror 31 and the holder 35 (to be
exact, the first to fifth bonding surface portions 37a to
37e). Hereinabove, assembly of the mirror unit 30 is com-
pleted.

(Actions and effects)

[0034] The embodiment described above has the fol-
lowing actions and effects.

(1) As illustrated in Fig. 4, the concave mirror 31 has
the first to third positioning protruding portions 32a
to 32c. As illustrated in Fig. 3, the holder 35 has the
first to third positioning recessed portions 36a to 36¢
corresponding to the first to third positioning protrud-
ing portions 32a to 32c. The first positioning re-
cessed portion 36a is in contact with the first posi-
tioning protruding portion 32a to thereby determine
a position of the concave mirror 31 with respect to
the holder 35 in at least the X direction on the XY-
plane coordinate along the mirror surface 31a. The
second positioning recessed portion 36b is in contact
with the second positioning protruding portion 32b
to thereby determine a position of the concave mirror
31 with respect to the holder 35 in at least the Y
direction on the XY-plane coordinate along the mirror
surface 31a. The third positioning recessed portion
36¢ is in contact with the third positioning protruding
portion 32c to thereby determine a position of the
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concave mirror 31 with respect to the holder 35 in
the Z direction orthogonal to the XY plane. As de-
scribed above, when the concave mirror 31 is posi-
tioned with respect to the holder 35 at three points
in the X, Y, and Z directions, the concave mirror 31
is restrained from being shifted from the holder 35.
Therefore, unintended external force is restrained
from being applied to the concave mirror 31 from the
holder 35 via the adhesive 55 in accordance with this
shift, which in turn restrains distortion of the mirror
surface 31a.

(2) The first positioning recessed portion 36a is in
contact with the first positioning protruding portion
32a to thereby determine a position of the concave
mirror 31 with respect to the holder 35 in the X di-
rection, the Y direction, and the Z direction. Further,
the second positioning recessed portion 36b is in
contact with the second positioning protruding por-
tion 32b to thereby determine a position of the con-
cave mirror 31 with respect to the holder 35 in the Y
direction and the Z direction. Furthermore, as de-
scribed above, the third positioning recessed portion
36c¢ is in contact with the third positioning protruding
portion 32c to thereby determine a position of the
concave mirror 31 with respect to the holder 35 in
the Z direction. That is, the second positioning re-
cessed portion 36b does not restrict the second po-
sitioning protruding portion 32b in the X direction,
and the third positioning recessed portion 36¢ does
not restrict the third positioning protruding portion
32c in the X direction and the Y direction. As de-
scribed above, by positioning the concave mirror 31
with respect to the holder 35 under mild restrictions,
unintended external force is restrained from being
applied to the concave mirror 31 from the holder 35
via the adhesive 55. With this, itis possible to restrain
distortion of the mirror surface 31a.

(3) As illustrated in Fig. 7, the second positioning
recessed portion 36b has a concave shape extend-
ing along the virtual connecting line L connecting the
first positioning recessed portion 36a and the second
positioning recessed portion 36b. The whole holder
35 is generally made of resin, and therefore shape
accuracy thereof is low, as compared to the concave
mirror 31. In this embodiment, even in a case where
a shape error (shape error in the X direction in par-
ticular) occurs in the holder 35, the second position-
ing protruding portion 32b is positioned in the second
positioning recessed portion 36b. Therefore, the
concave mirror 31 is held by the holder 35 more se-
curely.

Further, as illustrated in Fig. 9(b), the third position-
ing recessed portion 36¢ has the bottom surface
36¢1 that is an example of an abutting surface on
which the tip of the first positioning protruding portion
32a abuts. For example, this bottom surface 36¢1
extends along the XY plane and is set to have an
area larger than that of the first positioning recessed
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portion 36a. With this, the third positioning protruding
portion 32¢ abuts on the bottom surface 36c¢1 of the
third positioning recessed portion 36¢, regardless of
a shape error of the holder 35 in the X direction and
the Y direction. Therefore, the concave mirror 31 is
held by the holder 35 more securely.

(4) As illustrated in Fig. 3, the first positioning re-
cessed portion 36ais provided in the first end portion
35ainthe X direction of the holder 35, and the second
positioning recessed portion 36b and the third posi-
tioning recessed portion 36¢ are provided far from
each other in the Y direction in the second end por-
tion 35b that is opposite to the first end portion 35a.
As described above, when the first to third position-
ing recessed portions 36a to 36¢ are arranged as far
as possible, the concave mirror 31 can be held by
the holder 35 with high accuracy.

(5) As illustrated in Fig. 3, the holder 35 has the first
to fifth bonding surface portions 37a to 37e facing
the back surface of the concave mirror 31 which is
opposite to the mirror surface 31a while having gaps
of a certain distance. As illustrated in Figs. 10(a) to
(c), the gaps between the first to fifth bonding surface
portions 37a to 37e and the back surface of the con-
cave mirror 31 are filled with the adhesive 55. There-
fore, a position of the concave mirror 31 is restrained
from being shifted from the holder 35 in a case where
the concave mirror 31 and the holder 35 are bonded.
Further, the first to fifth bonding surface portions 37a
to 37e are uniformly arranged on the back surface
of the concave mirror 31. Therefore, force is applied
to the concave mirror 31 from the holder 35 via the
adhesive 55 with a good balance. Thus, force is re-
strained from being applied to the concave mirror 31
from the holder 35 to distort the mirror surface 31a
of the concave mirror 31.

Further, for example, when a liquid adhesive is em-
ployed at the time of application, the adhesive is
sandwiched between the first to fifth bonding surface
portions 37a to 37e and the back surface of the con-
cave mirror 31 and is appropriately deformed. Here-
in, in a case where a double-sided adhesive tape is
used as in PTL 1 cited above, a position of the con-
cave mirror may be shifted from the holder due to a
thickness of the double-sided adhesive tape, surface
roughness of a part of the concave mirror or holder
to which the double-sided adhesive tape is applied,
or the like. Regarding this point, in this embodiment,
the adhesive flows along the above-mentioned gaps,
and therefore a positional shift of the concave mirror
31in PTL 1 cited above is restrained.

(6) As illustrated in Fig. 2, the mirror unit 30 of this
embodimentis applied to the display device 100 and
reflects display light L while magnifying the display
light L. Therefore, even slight distortion generated in
the concave mirror 31 of the mirror unit 30 may large-
ly distort a virtual image. Therefore, a mirror surface
of a mirror unit to be applied to the display device is
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particularly demanded to have high shape accuracy.
Regarding this point, in this embodiment, distortion
of the mirror surface 31a is restrained as described
above, and therefore the mirror unit 30 is preferably
applied to the display device 100.

(Modification example)

[0035] Note that the above-mentioned embodiment
can be implemented in the following forms in which the
above-mentioned embodimentis appropriately modified.
[0036] It is possible to appropriately change the con-
figuration of the display device 100 in the above-men-
tioned embodiment. For example, the reflecting mirror
member 20 may be omitted and the mirror unit 30 may
be directly irradiated with display light L from the display
unit 10. Further, the motor 41 and the conversion mech-
anism 42 may be omitted. In this case, the mirror unit 30
is fixedly installed in the housing 60, and therefore both
rotary shaft portions 39a and 39b and the holding portion
38 of the mirror unit 30 may be omitted.

[0037] In the above-mentioned embodiment, the first
positioning protruding portion 32a is positioned at the
center in the lateral direction of the concave mirror 31
but may be positioned at a corner portion of the concave
mirror 31, for example, a corner portion corresponding
to the fourth bonding surface portion 37d or fifth bonding
surface portion 37e of the holder 35. It is necessary to
change a position of the first positioning recessed portion
36a of the holder 35 accordingly.

[0038] Further, positions of the first to third positioning
recessed portions 36a to 36¢ of the holder 35 may be
appropriately replaced. It is possible to replace positions
of the first to third positioning protruding portions 32a to
32c of the concave mirror 31 accordingly.

[0039] Furthermore, the number of positioning re-
cessed portions of the holder and the number of posi-
tioning protruding portions of the concave mirror may be
increased. For example, in addition to the second posi-
tioning recessed portion 36b, a fourth positioning re-
cessed portion may be formed at a position along the
connecting line L so as to have a shape same as that of
the second positioning recessed portion 36b. In this case,
a fourth positioning protruding portion corresponding to
this fourth positioning recessed portion is newly provided
in the concave mirror 31. Similarly, a new positioning
recessed portion and positioning protruding portion may
be provided to have shapes same as those of the first
positioning protruding portion 32a and the first positioning
recessed portion 36a, and a new positioning recessed
portion and positioning protruding portion may be provid-
ed to have shapes same as those of the third positioning
protruding portion 32c and the third positioning recessed
portion 36c¢.

[0040] In the above-mentioned embodiment, the first
to third positioning recessed portions 36a to 36¢ are
formed on the holder 35, and the first to third positioning
protruding portions 32a to 32c are formed on the concave
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mirror 31. However, on the contrary, first to third posi-
tioning protruding portions may be formed on the holder
35, and first to third positioning recessed portions may
be formed on the concave mirror 31.

[0041] Shapes of the first to third positioning recessed
portions 36a to 36¢ of the holder 35 may be appropriately
changed. For example, all the positioning recessed por-
tions may have shapes similar to that of the first position-
ing recessed portion 36a. With this configuration, it is
possible to have at least the above-mentioned action and
effect (1).

[0042] Further, the first positioning recessed portion
36a may be formed to have a concave shape extending
in the Y direction or a direction orthogonal to the con-
necting line L. With this configuration, the first positioning
recessed portion 36ais in contact with the first positioning
protruding portion 32a to thereby determine a position of
the concave mirror 31 with respect to the holder 35 in the
X direction and the Z direction. Further, the first position-
ing recessed portion 36a is formed to have a conical
shape but may be formed to have a cylindrical shape. In
this case, the concave mirror 31 is not positioned in the
Z direction by the first positioning recessed portion or the
first positioning protruding portion. From a similar point
of view, the second positioning recessed portion 36b may
be formed to have, for example, a U shape or a concave
shape instead of a V shape. Further, the first positioning
recessed portion and the second positioning recessed
portion may penetrate the holder 35 in the thickness di-
rection.

[0043] In the above-mentioned embodiment, the tips
of the first to third positioning protruding portions 32a to
32c are formed to have a spherical and cylindrical shape
but are not limited thereto and may be formed to have,
for example, a normal cylindrical or hemispherical shape.
[0044] In the above-mentioned embodiment, the first
to fifth bonding surface portions 37a to 37e are provided
in the holder 35. However, the number of bonding surface
portions and an arrangement form thereof are not limited
thereto and are appropriately changeable. Further, the
first to fifth bonding surface portions 37a to 37e may be
omitted.

[0045] Inthe above-mentioned embodiment, for exam-
ple, a solid adhesive containing a heat reversible resin
componentis employed as an adhesive. However, adou-
ble-sided adhesive tape may be employed as the adhe-
sive.

[0046] In the above-mentioned embodiment, the con-
cave mirror 31 is employed as a mirror but may be a
convex mirror, a plane mirror, or the like as long as it is
a mirror.

[0047] In the above-mentioned embodiment, the dis-
play device according to the invention is applied to an in-
vehicle head-up display device but is not limited to the
in-vehicle head-up display device and may be applied to
a head-up display device to be mounted on transport
such as an airplane and a ship. Further, the projection
member is not limited to a windshield and may be a ded-
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icated combiner. Further, the display device according
to the invention may be applied to a display device such
as a projector used inside or outside, instead of a head-
up display device. Further, the projection member is not
limited to a light-transmissive projection member and
may be areflective screen. Further, for example, the dis-
play device according to the invention may be mounted
on an eyeglass-type wearable terminal.

[0048] Furthermore, in the above-mentioned embodi-
ment, the mirror unit 30 is applied to the display device
100 but may be applied to other optical products.

Industrial Applicability

[0049] The invention is suitable for a head-up display
device to be mounted on a vehicle.

Reference Signs List
[0050]

1 ... viewer

10 ... display unit

11 ... light source

12 ... liquid crystal display panel

13 ... light-source substrate

14 ... diffusion case

15 ... heat sink

20 ... reflecting mirror member

30 ... mirror unit

31 ... concave mirror

31a ... mirror surface

31b ... first end portion

31c ... second end portion

32ato 32c ... first to third positioning protruding por-
tions

35 ... holder

35a ... first end portion

35b ... second end portion

36a to 36¢ ... first to third positioning recessed por-
tions

36¢1 ... bottom surface

36¢2 ... side surface

37ato 37e ... first to fifth bonding surface portions
38 ... holding portion

55 ... adhesive

60 ... housing

100 ... display device

Claims

1. A mirror unit, comprising:
a mirror having a mirror surface for reflecting
light; and

a holder holding the mirror in a state in which
the holder is bonded to the mirror, wherein:
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the mirror has first to third mirror-side posi-
tioning portions; and
the holder has

the third holder-side positioning portion has an
abutting surface on which a tip of the third mirror-
side positioning portion abuts, the abutting sur-
face extending along the XY plane.

16

ed on a first end portion in the X direction of the
holder; and

the second holder-side positioning portion and
the third holder-side positioning portion are pro-

a first holder-side positioning portion that is in 5 vided far from each other in the Y direction on a
contact with the first mirror-side positioning por- second end portion that is opposite to the first
tion to determine a position of the mirror with end portion.
respect to the holder in at least an X direction
on an XY-plane coordinate along the mirror sur- 5. The mirror unit according to any one of claims 1 to
face, 10 4, wherein:
a second holder-side positioning portion that is
in contact with the second mirror-side position- the holder has a plurality of bonding surfaces
ing portion to determine a position of the mirror facing a back surface of the mirror which is op-
with respectto the holderin atleasta Y direction posite to the mirror surface while having gaps
on the XY-plane coordinate, and 15 of a certain distance; and
a third holder-side positioning portion that is in parts between the bonding surfaces and the
contact with the third mirror-side positioning por- back surface of the mirror are filled with an ad-
tion to determine a position of the mirror with hesive.
respect to the holder in at least a Z direction
orthogonal to the XY plane. 20 6. A display device, comprising:
2. The mirror unit according to claim 1, wherein: a display unit for emitting display light showing
an image; and
the first holder-side positioning portion deter- a mirror unit according to any one of claims 1 to
mines a position of the mirror with respecttothe 25 5 for causing a projection member to reflect the
holder in the X direction, the Y direction, and the display light from the display unit.
Z direction;
the second holder-side positioning portion de-
termines a position of the mirror with respect to
the holder in the Y direction and the Z direction; 30
and
the third holder-side positioning portion deter-
mines a position of the mirror with respect to the
holder in the Z direction.
35
3. The mirror unit according to claim 2, wherein:
the first to third mirror-side positioning portions
are provided to have a protruding shape on a
back surface of the mirror which is opposite to 40
the mirror surface;
the first holder-side positioning portion is provid-
ed to have a concave shape corresponding to
the first mirror-side positioning portion;
the second holder-side positioning portion is 45
provided to have a concave shape extending
along a virtual connecting line connecting the
first holder-side positioning portion and the sec-
ond holder-side positioning portion; and
50

4. The mirror unit according to any one of claims 1to 55
3, wherein:

the first holder-side positioning portion is provid-
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